Abstract. This paper describes the process of expanding a successful dengue control program in 3 provinces in northern Vietnam into a national one and demonstrates the presence of a rich, low-cost resource that could have similar applicability to other countries in the region. The cornerstone of the preventive strategy is larval control of Aedes aegypti (L.), the major vector, using predators such as copepods, Mesocyclops spp., aided by the corixid bug Micronecta quadristrigata Bredd, and fish in large water storage containers. From 1989 to 1998, 9 species of Mesocyclops (M. The predatory capacities of 6 of these were evaluated in the laboratory. This indicated that daily consumption/killing averaged between 16 and 41 Ae. aegypti larvae per copepod. From detailed evaluations in 9 provinces, Mesocyclops spp. were surprisingly common in 8,413 artificial containers (concrete tanks, wells, ornamental ponds and in the south, large jars). Because of existing practices for washing and water transfer from ponds and lakes in Ha Tay and Ha Bac, Mesocyclops spp. already occurred in 60-100% of the water storage containers. When the relationship between the presence or absence of Mesocyclops and Aedes larvae in 5,111 containers was analyzed by the chi-square test, their distributions were significantly related, indicating control (odds ratio ϭ 0.56). When 3,426 containers that did not contain Mesocyclops or fish were analyzed in relation to the distribution of Aedes larvae, those with Micronecta also had significantly less Aedes (odds ratio ϭ 0.43). Therefore, this study demonstrates that there is an abundance of local Mesocyclops spp. in Vietnam that can be incorporated into specifically designed community-based control programs aided by Micronecta and fish.
Dengue and dengue hemorrhagic fever are mosquitoborne diseases known to occur in more than 100 countries, placing two-fifths of the global population at risk. 1, 2 Until recently, 3 there had been limited contemporary success in controlling the major vector, Aedes aegypti (L.), which breeds in a range of artificial (e.g., water storage tanks, wells, discards) and natural (plants, tree holes, rock pools) containers. 4, 5 Dengue fever first appeared in Vietnam at Hanoi and Haiphong in 1959 and since then has become endemic throughout the whole country. In the northern part of this country, epidemics often occur between June and November whereas in the southern region, transmission occurs year round. From 1979 to 1995, the morbidity and mortality rates varied from 41.0 to 462.2 and from 0.16 to 2.7 per 100,000 inhabitants, respectively. 6, 7 In 1993, the World Health Assembly officially designated dengue control and prevention as a high priority, and in 1995, a global strategy was drafted that advocated the use of new surveillance and control tools, intersectoral involvement, better training of field staff, and community participation. 2 During 1995 and 1996 under the auspices of the World Health Organization, a national strategy for dengue surveillance and control was evaluated (Kay BH, World Health Organization, unpublished data) and plan of action was developed (Kay BH, Aaskov JG, World Health Organization, unpublished data).
Since 1989, the National Institute of Hygiene and Epidemiology (NIHE) in Hanoi has collaborated with three of the authors (MH, JWR, and BK) and many provincial, district, and commune health personnel in collecting and establishing the presence of predacious copepods of the genus Mesocyclops in Vietnam 8 and applying them to northern villages in Haihung (now Hung Yen) 3 and Ha Tay provinces. 6 Both of these programs were successful, with the former integrating local Mesocyclops with community recycling, and the latter involving health volunteers and school children.
Our present paper describes expansion of activities from Phan Boi village in Hung Yen 3 to several communes in Hung Yen and to communes in Haiphong and Nam Dinh provinces (with Australian and British funding) and to an additional 22 provinces throughout Vietnam (with funding from the World Health Organization, The Netherlands-Vietnam Medical Committee and Ministry of Health). In doing so, it describes the necessary process of locating and identifying Mesocyclops (and other potential biological control agents) in both natural and artificial containers and in establishing their applicability, through both laboratory and field evaluation, for integration into new programs. Methods for simple mass culture were established and a technique was described for transporting Mesocyclops via the postal service. We report this progress not only as a major step towards creation of an effective and sustainable preventive strategy for Vietnam, but also as part of a possible regional model.
MATERIALS AND METHODS
Field survey. From 1989 to 1998, natural (ponds, lakes, rivers, rice fields) and artificial (wells, tanks, jars, drums, discarded materials, ornamental ponds) water bodies in 26 provinces in Vietnam ( Figure 1 ) were surveyed for copepods using a zooplankton net with a mesh of 100 m. Samples were everted into a tray of clean water and cyclopoids ap- proximately Ն 0.8 mm long were removed and taken back to the field laboratory. Some specimens were kept alive for subsequent culture, with the remainder of the sample being preserved for identification in 70% ethanol with 1-2 drops of glycerol. Mesocyclops were identified at NIHE and confirmed at either the Smithsonian Institution (JWR) or the Museum and Institute of Zoology (MH).
For the household surveys, the number and type of wet containers, e.g., tank, jar, well, discarded materials, ornamental pond, were recorded, as were the presence or absence immature mosquitoes, the predacious copepods Mesocyclops spp., the corixid Micronecta quadristrigata Bredd, and fish. All container types except those with a capacity Յ 1 liter (direct pipetting) and wells (funnel trap) were sampled for larvae and cyclopoids by sweeping a 100-m mesh net around the perimeter of the container. The funnel trap 9 was left overnight in wells and recovered by 8:00 AM.
For Mesocyclops spp. and Micronecta quadristrigata, the significance of their relationship to the distribution of Ae. aegypti and/or Ae. albopictus Skuse larvae was analyzed by the chi-square test, and an odds ratio was estimated to evaluate the existence of a control effect.
Laboratory evaluation of copepods. Mass culture and transport. Plastic garbage bins with lids were filled with 150 liters water and 50 grams of boiled wheat seed was added along with approximately 140,000 Paramecium in 200 ml of water. They were left to stand outdoors for 7 days prior to addition of approximately 50 adult copepods. After 21 days at ambient temperatures of 25-30ЊC, each bin produced an average of 4,500 copepods, which were netted and decanted into a 500-ml beaker. Aliquots were then pipetted into the hollowed-out middle of 20 ϫ 15 ϫ 10 mm pieces of polystyrene foam that absorbed any water. The foam squares were then packed in pairs, with the hollowed sections facing each other to create a series of moist chambers for the copepods, into plastic 24 ϫ 14 ϫ 10 cm lunch boxes. Each box contained approximately 400 foam squares with approximately 20,000 copepods. These were then wrapped, addressed, and dispatched via the Vietnamese mail service. Using this method (suggested by Dr. G. Marten, Kwansei Gakuin University, Hyogo, Japan), copepods remained alive for up to 1 month. The boxes were dispatched from Hanoi to Nha Trang, Da Nang, and Thua Thien Hue, where provincial health officers delivered them to schools and collaborators or used them directly in pilot trials. School children and collaborators then took them home, pulled up a bucket of water from each household well, immersed the foam, and returned the water to the well. For tanks and jars, the foam could be immersed directly.
RESULTS

Distribution of
Mesocyclops. Nine species of Mesocyclops were collected from eutrophic ponds and lakes, the margins of rivers, and rice fields (n ϭ 78), but most positive collections (n ϭ 385) came from water containers (tanks, jars) and wells (Table 1) .
Mesocyclops woutersi was collected in 18 of 26 provinces ( Occurrence of Mesocyclops in artificial containers. Preexisting populations of Mesocyclops spp. were surprisingly common in all large containers in Ha Tay and Ha Bac provinces in northern Vietnam (60-100% of those surveyed). Mesocyclops spp. were found in 10-48.8% of outdoor concrete tanks (1,000-4,250 liters) in the other northern provinces (Hung Yen, Nam Dinh, Haiphong) ( Table 3 ). In the central provinces of Thua Thien Hue, Da Nang, and Khanh Hoa, Mesocyclops populations were uncommon in concrete tanks (0.8-7.8%) and were not found in the southern province of Kien Giang.
Mesocyclops spp. was found in 0-20%, 0-1.6% and 12.3-23.0% in ceramic jars with average capacities of 21, 130, Total  18  17  16  17  13  9  2  2  1 and 240 liters in northern, central, and southern provinces, respectively. They were also found in 4.8-56.8% of the wells in both northern and central provinces, but wells were not sampled in Kien Giang. Of the other container types, most were negative for Mesocylops spp. except for some metal tanks and drums (up to 33.3%), discarded materials (up to 3.1%), and other miscellaneous containers (up to 3.8%), and ornamental ponds/aquaria (up to 50%) with capacities up to 1,000 liters. When the presence or absence of Aedes larvae (mainly Ae. aegypti and in some cases Ae. albopictus) ( Table 4) were compared with the presence or absence of Mesocyclops in 5,111 containers from 11 communes in northern (Lac Vien, Di Su, Nghia Hiep, Nghia Dong, Xuan Kien, Xuan Phong, Gia Vien, and Xuan Tien), central (Thanh Binh), and southern (Van Khanh and Nam Yen) Vietnam, their distributions were significantly related. Because the trends were similar for all localities, these data were compressed into one analysis. Chi-square analysis indicated that Mesocyclops spp. were already acting as control agents ( 2 ϭ 17.6, degrees of freedom [df] ϭ 1, P ϭ 0.00003), and the odds ratio (0.56, 95% confidence limit ϭ 0.43-0.74) indicated that they were reducing the frequency of Aedes-positive containers by about 50%.
Other larval predators. The corixid bug Micronecta quadristrigata was also present in up to 28% of the outdoor concrete tanks, 0-12.3% of the jars, 0-16.7% of the wells, 0-33.3% of the drums and metal tanks, 0-25% of the ornamental ponds, but was uncommon in discarded materials and other items (Table 5 ). Fish, often Macropodus operculatis, Oreochromis mossambicus, Aplocheilus latipes, Betta splendens, as well as goldfish (Carassius auratus) and carp (Cyprinis carpio), were also detected in 1.7-20.3% of the concrete tanks, 0-13.9% of the jars, 0-15.5% of the wells, and 0-60.3% of the ornamental ponds, but were uncommon elsewhere.
When the presence or absence of Aedes larvae and Micronecta quadristrigata (Table 4) 
DISCUSSION
The plan for control of dengue vectors in Vietnam developed by the Ministry of Health seeks to improve epidemiologic surveillance, diagnostics, and preventive strategies for sustainable vector control. 10 Following the discovery of Mesocyclops in Vietnam 8 and their successful integration into control programs at Phan Boi village 3 and the Tan Minh commune, 6 review of resources, training, and field surveys were initiated in earnest in 1997. The application of indigenous biological control agents such as Mesocyclops and Micronecta is totally compatible with an under-resourced society, and probably applicable regionally.
There are 4 major steps in the process of developing successful control strategies: 1) a survey of key container 11 types to establish that the sites of major Aedes productivity are suitable for the planned intervention; 2) a survey to establish the local availability of biological control resources; 3) a community discussion and a knowledge, attitude, and practice survey to establish the knowledge base, acceptability of proposed methodology, and attitudes towards dengue; and 4) the design and refinement of an integrated control program. This paper addresses item 2. 13 and the Americas 14 indicate that most species can be used effectively for biological control of Aedes. Since these surveys are ongoing, we expect to find more Mesocyclops spp. and add to provincial lists. Because negative collections have not been recorded, they in no way are meant to imply habitat preference.
Although 6 species of Mesocyclops were collected in Vietnam from natural habitats, their high prevalence in a variety of artificial containers was surprising. Our data indicate that an abundant pool of local Mesocyclops already exists in communes and cities, awaiting integration into governmentsupported control programs. In addition, given their prevalence, especially in outdoors concrete tanks, large jars (Kien Giang), and wells, the survey data indicate potential suitability for further introductions. Copepods are well accepted by the Vietnamese people.
The mode of distribution of Mesocyclops into artificial containers seems to be via human transfer of water from rivers, lakes, or ponds during times of water shortages when washing, or during flooding, which is not uncommon during the wet season. Within communes, water is regularly transferred from one container, e.g., a public well or pond to another. In Ha Tay (Dong Quang) and Ha Bac (Phu Hoa), the cultural practice of washing in and transferring water from rivers and ponds has resulted in high levels of Mesocyclops in artificial containers. We infer that this practice is the major reason that no cases of dengue have been reported to their Preventive Health Centers since 1990.
As an additional resource, fish are sometimes kept by villagers. These species of fish, commonly found in artificial containers, are effective larval predators (Tam KT, 1983 .
Preliminary Research of Using Fish for Controlling Mosquito Larvae (Aedes aegypti) Transmitting Dengue Fever in
Hanoi. B.Sc. thesis, Biology Department, Hanoi University). Our data demonstrate that the corixid bug Micronecta quadristrigata was also exerting control in the field. Since attempts to culture this corixid in the laboratory have not been successful, we view this bug as an additional natural resource rather than as a potential biological control agent because it readily flies from container to container.
Given the successes of two formal control programs at Phan Boi and Tan Minh 3, 6 and the prevalence of Mesocyclops throughout artificial containers in Vietnam, it seems feasible to expand our model developed for Hung Yen, Ha Tay, Nam Dinh, and Haiphong to other localities where large water storages are important Aedes producers. However, it is obvious that social and cultural practices differ as do the relative importance of various container categories. In northern Vietnam, daily water needs are transferred from concrete tanks and wells via jars averaging 21 liters in capacity; thus, Aedes breeding is reduced. In both central and especially southern Vietnam, the capacity of jars increases to 130-240 liters or greater, as does the tendency to use them as major storage facilities. Concrete tanks, jars, and wells undoubtedly represent key container categories, 11 but this requires quantitation in terms of mosquito productivity in each area.
In addition to storage containers, Aedes also breed in discarded materials such as tires, bottles, plastic containers, and metal parts. For logistic reasons, Mesocyclops cannot control larvae in these containers so it will be important to complement biological control in water storage containers with measures to reduce discarded materials. In Phan Boi, community recycling for economic gain was the motivation for removing discarded materials unsuitable for Mesocyclops. In Tan Minh, health volunteers and school children persuaded residents to dispose of such materials and this resulted in a 5-fold reduction in potential Aedes breeding sites. Other motivational approaches will have to be found. Thus, it is likely that each new control program will contain subtle differences, but still be centered on the exploitation of local Mesocyclops coupled with community participation, aided by the presence of Micronecta and fish. 
